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SUMMARY
As the effects of climate change have become increasingly visible over the past three decades, coral reefs have suffered from a
number of natural and anthropogenic disturbances that have caused a critical decline in coral populations. Among these
disturbances are coral diseases, which have appeared with increasing frequency and severity, often in correlation with increases
in water temperature. Although the crucial role played by Vibrio species in coral disease has been widely documented, the
scientific community does not yet fully understand the infection process of Vibrio or its impact on coral physiology and
immunology. Here, we investigated the physiological and transcriptomic responses of a major reef-building coral, Pocillopora
damicornis, when exposed to a specific pathogen (Vibrio coralliilyticus) under virulent (increasing water temperature) and non-
virulent (constant low temperature) conditions. The infection process was examined by electron microscopy and quantitative
reverse-transcription PCR, and coral health was monitored by visual observations and measurements of zooxanthellar density.
The results obtained suggest that coral tissue invasion occurs upon increasing water temperature only. Transcriptomic variations
were investigated using a suppression–subtractive–hybridization approach, and the expression levels of six candidate immune-
related genes were examined during bacterial exposure. These genes correspond to three lectin-like molecules putatively
involved in the recognition of pathogens, two metal-binding proteins putatively involved in antibacterial response and one cystein
protease inhibitor. The transcription patterns of these selected genes provide new insights into the responses of coral colonies
to virulent versus non-virulent bacteria.
Supplementary material available online at http://jeb.biologists.org/cgi/content/full/214/9/1533/DC1
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Subtractive cDNA library construction
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Table 1. Combinations of forward and reverse primers used in real-time PCR expression analysis
Gene name Forward primer (5"r 3") Reverse primer (5"r 3")
Concanavalin CATCTCCGTCCCAAAC CAACTGCATAATGAACCCA
Cystatin B ATGGCCTTCCTTCTTTG AGGTGTATGTGGGTGAC
Ferritin AGAATATGCGGGGAGG CCTGGACCAACACGAG
Major basic nuclear protein GGTACAGCAAACTGCG TTGGAAACGTCCGACC
PdC-lectin ATTGGCAGAACGGAAG GGGAGGAGACCTGGTA
P-selectin CAATGTTATCATTACCGACCC GTCTGTTCCAGTCCAGG
Selenium binding protein TACGCCTTCCGGTAAC GTTCTACCCTGACCTGG
60S ribosomal protein L40A CGACTGAGAGGAGGAGC CTCATTTGGACATTCCCGT
60S ribosomal protein L22 TGATGTGTCCATTGATCGTC CATAAGTAGTTTGTGCAGAGG
60S acidic ribosomal phosphoprotein P0 GCTACTGTTGGGTAGCC CTCTCCATTCTCGTATGGT
Vibrio coralliilyticus 16S rRNA TTAAGTAGACCGCCTGGG GATGTCAAGAGTAGGTAAGGTTC
Pocillopora damicornis 28S rRNA CGGGTGAGAATCCTGT CTGAAGGCCATCCTCAA
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Fig.1. Visual monitoring. Photos of Pocillopora damicornis nubbins taken at various time points during the experiment from treatments C (25^C without
bacterial balneation), Cb (25^C with bacterial balneation), T (temperature increasing from 25 to 32.5^C without bacterial balneation) and Tb (temperature
increasing from 25 to 32.5^C with bacterial balneation).
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Fig.2. Enlargement of photos of P. damicornis nubbins
subjected to (A) thermal bleaching (T treatment) or (B)
bacterial lysis (Tb treatment). (A)Nubbins 3 days after
the end of the T treatment (day 24). Water temperature
was decreased to 25^C on day 21, which led the polyps
to reopen. A bleached open polyp is shown (surrounded
by a circle). Corallites (e.g. skeleton structure containing
a polyp) are indicated by bold arrows. (B)Nubbins at
day 20 after the Tb experiment, when coral tissues were
quasi-totally lysed. Empty corallites are indicated by
arrows. Asterisks mark a portion of bare skeleton;
sharps indicates tissue rests undergoing lysis.
Fig.3. Electron
microscopic monitoring.
(A)Thin section of P.
damicornis sampled from
the Tb treatment on day
9. (B)Thin section of P.
damicornis sampled from
the Tb treatment on day
12. (C)Enlargement of B.
(D)Enlargement of C. B,
bacterial aggregate; b,
bacteria; arrows, host cell
membrane; cross, tissue
disorganization; star,






(A) 1m, (B) 500nm, (C)
250nm, (D) 125nm.
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Fig.4. qRT-PCR quantitation of Vibrio coralliilyticus in P.
damicornis tissues. The relative expression of V. coralliilyticus
16S rRNA was normalized with respect to that of P. damicornis
28S rRNA. Open and filled histograms correspond to the non-
virulent and virulent experiments, respectively.
Table 2. General characteristics of the BI, BR, TBI and TBR
libraries
BI BR TBI TBR 
Sequenced clone 384 384 384 384
Analysed cDNA 279 276 275 229
Mean EST size (bp) 335.9 332.1 367.3 302.7
Contigs 63 59 38 23
EST in contigs 156 127 91 63
Singletons 123 149 184 166
Redundancy* (%) 55.9 46.0 33.1 27.5
BI, bacteria-induced; BR, bacteria-repressed; EST, expressed sequence tag;
TBI, thermo-bacteria-induced; TBR, thermo-bacteria-repressed.
*Redundancynumber of ESTs assembled in cluster/total EST.
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Fig.5. Functional classification of the sequences obtained from the bacteria-induced (BI), bacteria-repressed (BR), thermo-bacteria-induced (TBI) and
thermo-bacteria-repressed (TBR) libraries. Expressed sequence tags presenting similarities with genes of known function were clustered into 13 categories
according to their putative biological functions. (A)Genes putatively upregulated (Ai) or downregulated (Aii) in P. damicornis exposed to V. coralliilyticus at a
constant low temperature. (B)Genes putatively upregulated (Bi) or downregulated (Bii) in coral exposed to V. coralliilyticus under increasing seawater
temperature (which triggers virulence).
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Fig.6. Temporal expression patterns of selected candidate and reference genes. (A)qRT-PCR was used to measure the expression levels of six selected
candidates from the non-virulent and virulent experiments on days 0, 6, 9, 12, 15 and 18. Relative expression levels were normalized with respect to the
geometric mean of three reference genes (normalized relative quantity, NRQ). (B)Expression levels of the three reference genes normalized with respect to
the expression of P. damicornis 28S rRNA. Open and filled histograms represent the results from the non-virulent and virulent experiments, respectively.
Data are means ± s.e.m. of replicates. *, significant difference within the same group (P<0.05).
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Fig.7. The selected genes are expressed by the coral
host. The presence of the selected candidate genes and
those encoding the gene for the zooxanthellar small
ribosomal subunit RNA (Zx SSz) and the cDNA of the
zooxanthellar major basic nuclear protein were
investigated by PCR amplification of DNA/cDNA
extracted from holobionts (corals plus zooxanthellae) or
from pools of pure cultured zooxanthellae representing
clades B, C and D. HcDNA, holobiont cDNA; HgDNA,
holobiont genomic DNA; ZcDNA, zooxanthellar cDNA;
ZgDNA, zooxanthellar genomic DNA.
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